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Abstract 
Analysis of microstates in electroencephalographic recordings (EEG) is a promising topographical method that is 
currently being studied for the diagnosis of neuropsychiatric diseases. The aim of our study is to describe the feasibility 
of using the microstate analysis of EEG for examination of the epileptic patients. The EEG recordings were measured on 
patients with epilepsy and on control subjects (with no epileptic pathology). We calculated the global field power (GFP) 
curve to extract microstates from the EEG recordings. We took local maxima (peaks) of GFP curve to create amplitude 
topographic maps. Four microstates can be found or are proven to be found in physiological activity, sleeping, and in 
some pathological activity (schizophrenia). Our goal is to find out if the same microstates also occur in patients with 
epilepsy. Our assumption is that, if all four identical microstates are present in EEG with epileptic activity, the parameters 
of these microstates should differ between the EEG of a healthy individual and a person suffering from epilepsy. We 
observed that the microstate 1 seems to have a higher occurrence for the non-epileptic controls than the patients with 
epilepsy. The duration of the microstate 4 seems to be higher in the epileptic patients than the non-epileptic controls. We 
have found that there is a significant difference in the duration, occurrence and contribution of the amplitude topographic 
maps between the non-epileptic controls and the patients with epilepsy. 
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Introduction 
The electroencephalographic recordings (EEG) are 
useful for analyzing brain activity and they are capable 
of detecting pathological conditions such as epilepsy. 
One of the methods of EEG analysis is the calculation 
of microstates and the description of their parameters 
that are supposed to describe specific brain states. 
A microstate analysis is a method that describes the 
EEG through maps of electrical potentials that are 
caused by the electrical activity of the brain. The elec-
trical potential maps are obtained by scanning the 
surface of the skull using a multi-channel array of 
electrodes. The microstate is defined as a short time 
period during which the EEG topography remains quasi-
stable. This means that global topography is solid, but 
the strength may vary and invert the polarity. The 
microstates remain stable for a certain period of time  
60–120 ms. [1, 2] 
In the spontaneous EEG, four standard microstate 
classes were distinguished in [1], these classes are being 
denoted by letters A, B, C, D, where each class has 
a different map orientation. The map of the class A has 
a left posterior–right anterior orientation, for the class B 
the map has a right posterior–left anterior orientation, 
the class C has an anterior–posterior orientation and the 
class D has a central maximum (midline frontal topo-
graphy) [3]. Classes are often described by parameters 
such as duration, frequency, amplitude, topographic 
shape, etc. Four classes of microstates parameters were 
investigated in various stages of evolution in the study 
[4]. We aim to show that the microstate analysis is 
feasible for the epileptic EEG recordings and not 
only for physiological state or other neuropsychiatric 
diseases found in the literature. 
With advances and developments in neuro-physio-
logical techniques, a better idea of brain functioning is 
gained and the principle of distortion of this brain 
function in the disease is being understood. Also, the 
microstate analysis is often researched and used to study 
and evaluate the overall function of the brain in health 
and in disease. This method is relatively quick, available 
and inexpensive. Patients are examined with open or 
closed eyes or with different visual or auditory stimuli. 
The mentioned studies show that all 4 microstates 
classes are present, and all four microstates are needed 
to form a visual and verbal thought. Visual and verbal 
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conditions were predominantly associated with micro-
states A and B. [3, 5] 
Currently, the microstate analysis is often used to 
investigate and diagnose neuropsychiatric diseases. 
With these diseases, the specific parameters describing 
individual microstate may change significantly. Some 
classes may occur more frequently or vice versa, they 
may change in the duration and they show different 
specific transitions, etc. [1]. The microstates exami-
nation in patients with schizophrenia [1, 6] shows 
differences in microstates parameters with a comparison 
to healthy subjects. The average time of occurrence of 
two microstates (B and D) was significantly reduced, 
whereas microstates A and C appeared more frequently. 
In the patients with schizophrenia, the microstate B was 
significantly altered. The control subjects showed 
a specific transition of microstates A → C → D → A 
and the schizophrenic patients showed a specific transi-
tion of microstates A → D. [1, 6] 
In the study [7] of dementia, a significantly shorter 
total average duration of microstates was found. In 
patients with panic disorder [8], the results indicated 
a prolongation of the microstate A and the frequency 
of occurrence in the microstate C was lower. Also, 
microstates have been investigated in diseases such as 
Alzheimer’s disease [7], depression [9], Tourette’s 
syndrome [9], etc. The investigation of the disease by 
microstates analysis offers a new approach to detecting 
and monitoring the severity of the disease through 
objective neurophysiological biomarkers. [9] 
To the best of our knowledge, no microstate analysis 
applied to epilepsy has been published yet. 
The epilepsy is a neurological disease of the brain 
characterized by recurrent seizures. The epileptic sei-
zures are the result of the transient and unexpected 
electrical disturbances of the brain. This disease affects 
millions of people around the world. The most common 
diagnostic method for detecting epilepsy is the EEG 
signal analysis. The interconnection of various 
diagnostic methods (for example magnetoencepha-
lography, magnetic resonance and EEG) for studying 
epilepsy serves to a deeper understanding of the 
processes that control and regulate seizure activity. 
[10, 11] 
The functional magnetic resonance (fMRI) has an 
excellent spatial resolution. It allows the localization 
of areas where the level of neuronal activity changes 
during the experimental period. The conventional 
analysis of EEG-fMRI data is based on the visual 
identification of the interictal epileptiform discharges 
(IEDs) on scalp EEG. [12] 
This paper studies the feasibility of microstates 
analysis in EEG recordings of patients with epileptic 
activity. It starts with verification of the studies found in 
literature—finding the microstates and their parameters 
in non-epileptic controls and then analyzing the EEG 
recordings with epileptic activity in the same way to 
confirm the feasibility. The feasibility study includes 
testing of the microstate analysis on a small dataset and 
with a view to verifying the prospects of using micro-
states analysis for the recordings with epileptic activity. 
This paper shows that it is also possible to distinguish 
between epileptic and non-epileptic EEG recordings 
using the microstate analysis, therefore an analysis of 
parameters is made to find out if some parameters 
change in a different way than in non-epileptic controls. 
The main goal of this study is to support the decision of 
the physicians in the way of classifying epilepsy and not 
only in the way of the detection of the epileptic seizures 
[13]. 
Data 
Our study includes 10 controls and 6 subjects 
suffering from epilepsy. Tested subjects were men and 
women aged 19–58 years. The study protocol has been 
approved by the Hospital Na Bulovce ethical committee. 
The EEG data are 19-channel-ambulatory EEG 
recordings measured in the Hospital Na Bulovce in 
standardized conditions using the 10-20 system EEG 
cap with reference electrodes on earlobes. The record-
ings were measured on the Brain-Quick (Micromed 
S.p.A.) digital system. The lengths of recordings ranged 
from 15 to 54 minutes. The sampling frequency of EEG 
recordings of the patients with epilepsy is 128 Hz. Non-
epileptic control EEG recordings were measured with 
a sampling frequency of 256 Hz and down-sampled to 
128 Hz. The sensitivity was 100 μV per 10 mm. The 
electrode impedances were not higher than 5 kΩ. The 
data were filtered with a bandpass filter 0.5–30.0 Hz.  
Microstates studies usually used bandpass filters with 
the upper cut-off frequency lower than 30.0 Hz [4,  
14–16]. Frequencies above 30 Hz were not included to 
avoid muscle and powerline artifacts [17]. 
The EEG recordings are analyzed in average reference 
[17]. 
Methods 
Data from format Brainquick 0, 3 and 4 were imported 
into MATLAB 2015a (MathWorks, USA). The data was 
processed by using EEGLAB [18] and the microstates 
analysis was done using MicrostateAnalysis plug-in 
created by T. Koenig [19]. 
We created amplitude maps for each patient 
separately. Then we created clusters with the help 
of Atomize and Agglomerate Hierarchical Clustering 
(AAHC). It is a hierarchical method of clustering where 
we chose 4 clusters defining them to be our 4 micro-
states (for more information about AAHC see [20]). 
Maps representing microstates are created at one time 
point, so it is not the average value but the instantaneous 
amplitude value in the given sample (time point). The 
microstates analysis use calculation of global field 
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power (GFP) and amplitude topographic maps are only 
made from samples that match the location of the local 
maximum GFP curve. The polarity reversals are ignored 
[2]. 
Global Field Power 
The Global Field Power (GFP) is calculated as the 
square root of the sum of differences of all the potentials 
of the individual electrode i, Vi(t), and the mean potential 
of the electrodes, Vmean(t), at each time, see equation 1. 
So GFP represents the spatial variance of the EEG signal 
in each time sample. All GFP points (time samples of 
the EEG signal) get one GFP curve which represents 19 
channels in our case [9]. 
 
 
𝑮𝑮𝑮𝑮𝑮𝑮(𝒕𝒕) = ��∑ �𝑽𝑽𝒊𝒊(𝒕𝒕) − 𝑽𝑽𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎(𝒕𝒕)�𝟐𝟐𝑲𝑲𝒊𝒊 �
𝑲𝑲
 (1) 
 
In equation 1, K is the number of electrodes. 
In the GFP curve we detected local maxima. Two 
vectors of variance values that have mutual offset are 
compared for that. The local maxima are detected by the 
derivative—the difference and its direction are exam-
ined in three adjacent time points. 
Topographic maps and calculated parameters 
The distribution of the electrodes corresponds to 
the standard system 10-20. 19 values (for individual 
channels) are interpolated by the averaging method to 
obtain the resulting scalp potential distribution—maps. 
Resulting maps are classified by AAHC algorithm see 
[20]. 
We investigated the differences in three commonly 
used parameters, being duration, occurrence and contri-
bution for each microstate. 
The mean duration (lifespan) of a microstate M is the 
average length of time for which the microstate M 
remains stable. It is the average time covered by a given 
microstate class. Duration is the time information about 
how long the microstate M lasts in unchanged form. 
[5, 9] 
The mean duration is calculated from durations of 
microstates di and number of microstates NM, see 
equation 2. 
 
 𝑫𝑫𝑫𝑫𝑫𝑫𝒎𝒎𝒕𝒕𝒊𝒊𝑫𝑫𝒎𝒎𝑴𝑴 = ∑ 𝒅𝒅𝒊𝒊𝑵𝑵𝒊𝒊𝑵𝑵𝑴𝑴  (2) 
 
The frequency of occurrence of each microstate M is 
the mean number of occurrences NM per time t in 
seconds (1-second window) when the microstate 
becomes dominant, see equation 3. [5, 9] 
 
 
𝑶𝑶𝑶𝑶𝑶𝑶𝑫𝑫𝑫𝑫𝑫𝑫𝒎𝒎𝒎𝒎𝑶𝑶𝒎𝒎𝑴𝑴 = 𝑵𝑵𝑴𝑴𝒕𝒕  (3) 
The contribution of a microstate M is calculated as the 
duration of a microstate di from one class in total time 
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of the EEG recording, see equation 4. [5, 9]. 
 
 
𝑪𝑪𝑫𝑫𝒎𝒎𝒕𝒕𝑫𝑫𝒊𝒊𝑪𝑪𝑫𝑫𝒕𝒕𝒊𝒊𝑫𝑫𝒎𝒎𝑴𝑴 = ∑ 𝒅𝒅𝒊𝒊𝑵𝑵𝒊𝒊𝒕𝒕𝒕𝒕𝑫𝑫𝒕𝒕𝒎𝒎𝒕𝒕  (4) 
 
Evaluation 
In microstates we evaluate the actual distribution of 
the potential in the map (resolution of four states), the 
duration of the microstates and the transitions between 
the microstates. Results were discussed considering 
feasibility and differences between signals of the 
epilepsy patients and controls. We computed medians 
and statistical comparison for both cases and four 
microstates. Medians represent the middle value of 
datasets. Statistical comparison was calculated by a two-
sample statistical test like in [6] and [21], but we chose 
independent, nonparametric test Mann-Whitney. 
We have chosen a non-parametric test because we 
compared only 6 epileptic signals and 10 non-epileptic 
signals and for such a small number of samples we 
cannot assume normality as in [22]. 
We have also calculated mean topographic maps for 
epileptic and non-epileptic datasets for all 4 microstates 
and a grand mean over all of the recordings. 
Results  
We computed the mean of the topographic maps of the 
patients with epilepsy, see Fig. 1, and of the non-
epileptic controls, see Fig. 2. 
For the comparison of the two groups we calculated 
a grand mean over all of the subjects in this study, see 
Fig. 3. 
 
 
Fig. 1: The mean of the topographic maps in the 
epileptic group for four microstates (MS 1, MS 2, MS 3, 
MS 4). 
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Fig. 2: The mean of the topographic maps in the non-
epileptic controls for four microstates (MS 1, MS 2,  
MS 3, MS 4). 
 
 
Fig. 3: The grand mean of the topographic maps over 
all of the subjects for four micro-states (MS 1, MS 2, MS 
3, MS 4). 
 
From figures 1–3 we can say that our microstate 1 
corresponds with microstate D in the study [8], our 
microstate 2 corresponds with microstate A, our micro-
state 3 corresponds with microstate C and our microstate 
4 corresponds with microstate B in the same study. 
We computed parameters of the microstates analysis: 
duration, occurrence and contribution. We computed 
these parameters for each subject and then we made the 
median over the two groups—patients with epilepsy, see 
Table 1, and non-epileptic controls, see Table 2. 
 
Table 1: The medians of the parameters for all four 
microstates in the epileptic group. 
Median of 
parameters 
Microstates 
MS 1 MS 2 MS 3 MS 4 
Duration (s) 0.073 0.085 0.079 0.065 
Occurrence 2.754 3.089 3.722 3.057 
Contribution 0.218 0.300 0.284 0.205 
Table 2: The medians of the parameters for all four 
microstates in non-epileptic control. 
Median of 
parameters 
Microstates 
MS 1 MS 2 MS 3 MS 4 
Duration (s) 0.066 0.057 0.061 0.045 
Occurrence 4.277 4.443 4.878 2.577 
Contribution 0.296 0.249 0.350 0.110 
 
The parameter global variance (GEV) explained the 
percentage of the explained information by each micro-
state across participants. The global variance for the 
epileptic patients was 69.78%. The global variance for 
the non-epileptic controls was 73.81%. 
We used the non-parametric Mann-Whitney test of 
hypothesis between patients with epilepsy and non-
epileptic control datasets. The p-values of this tests are 
shown in Table 3. 
 
Table 3: The p-values from the Mann-Whitney tests of 
hypothesis between patients with epilepsy and non-
epileptic control datasets of parameters Duration, 
Occurrence and Contribution for all four microstates. 
Parameters P-value MS 1 MS 2 MS 3 MS 4 
Duration 0.0559 0.0002 0.1471 0.0002 
Occurrence 0.0002 0.0312 0.0002 0.3676 
Contribution 0.0017 0.0225 0.1806 0.0002 
 
There is a significant difference in microstate 1 in the 
occurrence and in the contribution at significance level 
0.01. In the microstate 2 there is a significant difference 
between the two groups in the duration at significance 
level 0.01 and in the occurrence and the contribution at 
significance level 0.05. In the microstate 3 there is 
a significant difference in the occurrence at significance 
level 0.01. There is a significant difference in microstate 
4 in the duration and the contribution at significance 
level 0.01. 
Discussion  
We compared the EEG recordings of two groups: the 
patients with epilepsy and the non-epileptic controls 
(meaning the EEG recordings with no epileptic 
pathology according to the expert). We evaluated these 
recordings by microstates parameters duration, occur-
rence and contribution. The main finding of our research 
is that the distribution of test file maps corresponds to 
each of the 4 classes (microstates A, B, C and D) from 
available literature. We have found that the microstates 
dynamic is different between controls and patients with 
epilepsy. 
Our results of the two-tailed non-parametric Mann-
Whitney test of hypothesis in Table 3 show that there is 
a significant difference between the two groups in 
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following particular parameters in particular micro-
states. The duration parameter is significantly different 
with a significance level of 0.01 between both groups in 
microstates 2 and 4. For microstate 3 no significant 
difference was proven. We assume that these results for 
microstates 2 and 4 confirm our hypothesis that a lower 
number of the spatial variability changes and hence 
a longer duration of the microstates. The reason for this 
physiological hypothesis is that epileptic seizures are 
accompanied by high synchronization of the neurons 
[23]. For this reason, we assume that microstates 2 and 
4 represent higher synchronization of the epileptic 
seizures. The occurrence parameter is significantly 
different with a significance level of 0.01 between the 
two groups in microstates 1 and 3, and with a signifi-
cance level of 0.05 for microstate 2, so it can be also 
used for differentiation. As the occurrence parameter 
reflects the mean value of number of times the 
microstate occurs per second, our results show that the 
microstates 1–3 alternate more for the control subjects. 
The smaller difference of the occurrence parameter 
between epileptic and non-epileptic subjects for micro-
states 2 and 4 could be due to a large difference in the 
duration parameter. The occurrence of the micro-
states could be suppressed for a higher duration. The 
contribution parameter is significantly different with 
a significance level of 0.01 between the two groups in 
microstates 1 and 4. On the significance level 0.05 could 
differ the microstate 2 to for the contribution parameter. 
It seems that the occurrence for microstate 1 is of 
a higher value for control subjects, meaning more 
alternations of this microstate. Also, the contribution 
parameter seems to be higher for microstate 1 compared 
to the epileptic group, meaning more power in this 
microstate. The occurrence of microstate 1 for the 
epileptic group may be suppressed due to an epileptic 
seizure. 
The duration parameter has lower values for subjects 
with some mental or neurological disorders [24]. In our 
study the duration parameter was higher in subjects with 
epilepsy for microstates 1–3. These values could be 
caused by neurons that synchronize during epileptic 
induction, creating high polarity wavelengths and 
having longer activity. The typical range of the micro-
state duration is between 60 and 120 ms on average [2]. 
On the other hand, there are studies that reported lower 
values, for example in the studies [21, 25] is the mean 
duration between 36.87 and 81.72 ms. In our study we 
found surprisingly low values of microstate B. This can 
be caused by the artifact’s residuals manifestation in 
these topographic maps. 
The microstate 2 is proven to be distinctive for all the 
parameters at significance level 0.05 (in the worst case). 
On the other hand, microstate 3 is distinctive only for 
the occurrence parameter. Assuming this hypothesis, the 
microstates of epileptic patients in Table 1 seem to have 
a longer duration and seem to have lower occurrence and 
alternate with smaller frequency compared to control 
subjects. The investigated patients had at least one 
epileptic seizure during the measurement. The epileptic 
seizure is also manifested by increased amplitude (epi-
leptic spike) when the activity is manifested through 
multiple channels. So it is possible that the difference in 
the duration or occurrence of microstates is affected by 
an epileptic seizure. 
We have used the band-pass filter with cut-off fre-
quencies 0.5 and 30.0 Hz. This type of filtering was used 
also in studies like [14, 15, 26]. The band-pass filtering 
with the shorter range 2–20 Hz was used in [27], with 
the wider range 1–50 Hz was used in [16]. In our review 
we did not find a publication that would deal with the 
influence of filtering on the final microstates maps. Part 
of the artifacts, like higher muscle artifacts and line 
noise artifact, should be supposed by the band-pass 
filtering. We did not use any other filtering to avoid 
artifacts. In some studies, like in [28], the method of 
independent component analysis is used for removing 
the slow artifacts caused by the eye movement. In some 
other studies they used only the band-pass filtering [4]. 
We have chosen only the band-pass filtering, so our 
results could be therefore compared with studies that do 
not use any further suppression of the artifacts. 
In our study, we used average montage even with the 
knowledge of its limitations in the form of susceptibility 
to the distribution of some artifacts [29]. However, 
average montage errors are not so high compared to 
other montages [30, 31]. And most studies use just 
average montage, for example studies [14, 24, 32]. For 
this reason, it is possible to compare the results of 
microstate studies among themselves. 
Further research with a larger number of subjects or 
with different types of epileptic activity is needed to 
continue with this feasibility study. A larger dataset 
can allow us to evaluate the effect of artifacts on the 
resulting microstates. It is necessary to verify the effect 
of neuronal synchronization by an intra-individual 
comparison of ictal and interictal recordings and by an 
inter-individual resting state in the recordings of epilep-
tic and non-epileptic patients. 
Conclusion  
We analyzed EEG recordings by calculating the GFP 
curves to extract the microstates and obtain the ampli-
tude topographic maps of these microstates. We 
classified the resulting topographical maps with AAHC 
algorithm to show the feasibility of microstate analysis 
in EEG recordings with epileptic activity. EEG record-
ings were labeled by an expert as epileptic and non-
epileptic. We obtained four microstates in epileptic EEG 
recordings and we assume that they correspond to 
the microstates A–D stated in [8], where the microstates 
were used on resting-state EEG. So we have found out 
that analyzing EEG recordings with epileptic activity 
using microstates analysis is feasible since these record-
ings have similar spatial maps as in other studies. 
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